as>B^mm/fff (jp) <i2) ^ ^ 4^ |^ ^ ^ (a) 
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(51)Inta.' 
G 1 0 L 3/02 
G 0 6 F 15/18 
G 1 0 L 7/08 
9/00 



3 0 1 
5 5 0 



3 0 1 



F I 

G 1 0 L 3/02 
G0 6F 15/18 
G 1 0 L 7/08 
9/00 



3 0 ID 
5 5 OC 
A 
F 

3 0 1 A 

mif^ m:^(Dmi fd i6 s) BMM\zst< 



(22)ttlHB 



««W- 187966 



¥^7^(1995) 6 ^303 



(71}miSA 000002185 

ygM&fmimm 6 TB 7#35^ 
M^&)mitS>)\\ 6 T a 7 #35-^ y n 

(72)fBW« ma lEi. 



(54) [sm<D^3m "^pm^iDn^wgc&m 



(57) 

^fi:Cfca d j fi^*:J6. CEfii:S.O*NRffiff^lF|3{CT± 
TJilBNRffl[(iJS:i:-fcHnfflSr*«)T, _hfEA;^;^^fS 



. V t — 











21 



ft d Jfi 

31 



Y[«,li] 



CEflOzrNRff 
BM> flB 



3 3 



^7 



V-9 



34 



143 



-1- 



/ 

ft 1 ^m(n^^\%^<T>w^^W.-)3^, 

±ISi«l$«]JEftl4, ±ISA;^$n5W^«*0Dig;*gEftiJ(^ 
$il^affiSr/h$ < -rs J: 5 icSfb-r 5 r i: ^Sr#1S:i:i-5 
ft 1 fS«<^^^{t#«i;«^{g;M*fc 

iiiEA;^i$ix2)#^m^ot°-y5^^^(CjcSCT. $6^«] 
JEtrff 5 ^<0«-«K^««Sco{t-^ iriitW u-</i- 

# V ^ 1 1 IC/J^ ^ < 7t s ± 5 (CSIJ W ^ -5 r t 
-yh{'Xts\^. ±fEA;^j^ix5^^{f-^<D^^|ZFBlS:tJ' 

i!t^«iJE-r 5 ^roiltit {cS-^v ^-C^a.a $ ixS S::'ca]iEfi 



(2) ^ *. i|#P¥9-16 194 

2 

Jbl5A;^^ti-5#mt-§-Wl:fs/^5S*(4, w-<yuc7? 
1 1 1 A^J $^^^.^^{t■§■wgf;e<z>Jl^&IS:«= 
^S:fflV^•C;^^:{' h/KO^^JESrff ^ 7 

[0 0 0 1 1 
[0 0 0 2] 

[0 0 0 3] roi^j'.c^^^s^, fe-5t^tt$i*ig;«o 

swtbT, wmyr^f<ov^m(DtLmc^wH^mm 

v^'g-^gSi^j (Speech Enhancement Using a Soft-De 
30 c is ion Noise Suppression Fi Iter, R.J.McAulay, M.L. 
Ma I pass, IEEE Trans. Acoust. , Speech, Signal Proce 
ssing. Vol.28, pp. 137-145, April 1980 ) T^Eb 
mSv-^^xAfcjottSiazK^M^^^fflJiEW^j (Freq 
uency Domain Noise Suppression Approach inMobil Te 
I ephone Systems, J.Yang, IEEE ICASSP. Vol.11, pp.3 
63-366, Apri 11993 ) ^tcB8;^$ti,TV'«5„ 
[0 0 0 4] 

<Oji«*^ItIjEBi$f^^^:*^^^Tf4, :^S«JjfcS3tws NR (ft 

■f^wi^iSfcSo ^Ufommoymc. 

[0 0 0 5] Z-CDiioti^-^^m. foSV^lii^^ 



-2- 



5 

[0 0 0 6] rrT% ^mmA^■i. ±mLrcmm^^m: 

■r^titbK. if^mW-e- 9 9 8 6 9 -^-triE^roW^SS. 
[0 00 7] _hlS^Wt-§-<^i^ffig;®;^jfett, Xtl'^P 10 

[0008] ^fc, Jiiaig^^ft-§-cD*t«'te^^;fe-ffitc: itu 
5. 

[000 9] i: r Jiia^^##«i^^sttts-rs<o 
[0 0 10] *fc. FJx.Ji#^«^^^-^{t;$IB«c$i^{g: 

$tiTv>5 1 Jll5^^ft■i-^g^#■^t:3ie^c*3v^-c$ 
[0 0 11] Sfc. t^5t5coiNi^{g;j^:&ffi-eii. li^iSM 

m-^^^xx'iits:<. mi^m-^^ flam's- ^^M^!tzx 

[0 0 12] ^rr-e, Jif5i^5'f^3S«Sr*:«>5<Z){c. 9c 

^«). ^<D\^' y^y ifx^^^mm.^^^^:)jm^^h 

BffiS5Bai9c^fflV^T*i!5. (N 1 o gN) (0^(Dtf#ias 

[0 0 13] JiitLfc^lttc^^r 
n^w^mt-r^ r t ;4s prH6•^fc•5^7^r(t^,7^$i^^g^:*• 
[0 0 14] #(Cjb|SA:^«'?^ft-^0 50 



<RfSIV9- 1 6 1 9 4 

[0 0 15] 

[0 0 16] ±fR=^pn^i\:mm<^y^^i-^i-i. 

ffi{b-r?)'b<^r*fci9. _hfEifil^«lffift5r±fEA;'3^tl.5 

[0 0 17] ±.^m-&(D^mmmm-i. 

[0 0 18] ±a!(^pp^as:iw^-rsfc 

A;^^ixS^^{t^(DFf^(DJlzS^^J^^«ijEi- 
5 7-f /i-^ ^*-r5$^W-^ft:^S«-*^'ft-^^#tif^-r 

[O O 1 9] 3|5:|§WI4, Jiiz!!<73Pp^S^A?^i-5fc 

»ic, A;^i$n'5#WS-§-<73M^rojli^«fc^lsE^5JI]JE-r 

[0 0 2 0] *fc. 2^^B^tt. ±jzE©FD^JSSrMg^:i-Sfc 

[0 0 2 1] ^yh. ±ie£0Pp1)S^S?i^-rSfc 
A;^$n5^?^m-§-<7)Bf^(Oj^&ifc«isg^ffl)/£-r 

[0022] ±iE<^ppiM^fif*-r5fc 

A;^$ti<5l^Fm-^<oBif^<oJSjK^Wlig^«]JE-r 

5 7 ^- /Pis' ^s:*-rs^^?5F-§-^k3ge(-^)*«^*eti^i- 



-3- 



5 

[0 0 2 3] 

[0 0 2 41 ^fc. JtM.^^^'^^WimWfy^. #mt-§-<^ 
5*mt-§-©i£«ffll|(0$ilF«JJEE<Sr/jN* < -f-* i 9 f^^# 
[0 0 2 5] i^^m<o^^{t%(r>W^'&m3m\^ 

-So 

[0 0 2 6] Sfc. :*:^P^<Z)^^{t-^c^i^^{g:JS:&&tr 

[0 0 2 7] *fc. i^mR(o^^^^<om^^m-)3mz. 
[0 0 2 8] *:^c. i^mh(o^^{t^(ow^^m5m\^ 

[0 0 2 9] 

[0 0 3 0] :i:iT\ w^^mmm:imm\.fz.i^^m<D 
[00 3 1] jiiB$t»(£Mi£fit:i. 

ttli^^FP3 5tC:feV^T^^^t-^A;^ffi^l Zt^h<D?<ti 



(4) ; \ «FSa¥9-16 194 

[0 0 3 2] ±IS^^^g:^igB^;l43V^T. ^^{t-^A;^ 
iffi^l 3fc:fi. (Speech) ^^<t$i^ (Noise ) ^ 

(OA;^?l^^{t-^y Ct] ««Jx.«^*{k:if?^^;&5FS 
[0 0 3 3] y 2 1 . ±f5A;^^^ft 

5 m 1 :7 A^kiasgp 2 2^. s^^mt 

±IEA;^^mt■^o^H-^#tt^^i->'^-^ ^ ->5^ 

[0034] rrxr. miy AfbiOiSas 2 2 -pij 
X.(^iil 2 <7) Aj;!^^- Jt 9 tc. Jif5A;^7^^{t-§-^ 1 6 8 

tTo'r:fe«9. k#@0:7 A^framelk i:U'C^«9ttl 

urs^(t«!;a^a5 2*c^i;bLTv^6o ^Sis. ^\yu-- 

A{b^S2 2 tc:T#^n^^:7 i^framelk 1 6 0 
f->:7"/i-^ja«^ LrStJ9ffi^ix. W^(oy\^—Kh\^ 
30 8'^>zfjU(D::t—y<—y ^yZfi:^LX\^^^o 

[0 0 3 5] ^yh. m2yu—MtidimUi^^. ^Jx.tf 
[ll2cDBtc^-rJ: 5 tc. JilSA;':j^^{t-^^2 0 01^:^ 
y'jumu,'r^j:iD'h±my i^— a^Sf L;^)5 2 0 0-!^>-:7'yu 

A«rf rame2k i: LT^ 19 ffi brm-^^Fttth^SFIS 3 1 i: :7 

'fb^OfSasi (-T^tn^^:^^— Aframe2k f:i. 160 
ih:/:7'/uSrjl^<h UT^i^ttl^ti.. l-^m(Dyu—M.x* 
fc-SframeZk^i ^ fi8 i^i^::?'yK *fc. 1 0^0:7 u — 
40 i^T*fcSframe2k-i i: 4 0 1^>'://^^0:^— 7 5^7^ 

[00 3 6] ^fc. ±f^Jl^S^^1^>'://^^£D=i.^$:^JSr 
^tfSi:. «*it:/gjS^FSSr8 0 00Hz. f^ifc^ib 
8 k H z <^ -r ^ ^ . -hISm 1 >^ A-fb^SgP 2 2 S:tJ^ 
^2 ^'U— AYbAOiS^l <b t>tc. :7U— aPbIBIF 
6 01^V:r/UT*fe57tJ?). 2 Om sS(-:7u— A>ft;*Q.S 

[0 0 3 7] mitcMoT. ^s7!)^tt*GfSgl5 2-T?{^. 



-4- 



(5) 



ff^mW-B- 16 19 4 



8 



*input S^r/woutputO— #y^£r. »:c7) (1) ^RX/ (2) 

[0 0 3 8] 
[^1] 



[0 0 3 9] jjctr, y3i|8!ife*o.a^iP3t?ii. ^ 

-^y-framelj. k{c*H.T. 2 5 6 jK-T >- h<7>ii5)S7 — y 

[0 0 4 01 $iWjJiIJE7^/Ui?#14^^a5 3 5 

■ft-§-#'l4tH?ffl5 3 1. JblE a d j mM^Wn 3 2 , C 
E{eSU5NRffl[t1-»gB3 6S.05Hnfh3StJa5 7S:*L.-CJ5g 20 

[004 1] ±WM^nS.7^Ji^-$'W^^^^ 3 5 iciio 
V^T. /O K4>Wgf!4«, ii53*:7-y;c^ife^a,3gglJ3d> 

«-^^vK<^M*iY [w, k] Sr. ■(t^#14fH!cg|5 3 

[0 0 4 2] 
[^ 1 1 







0 






0~ 1 2 5 H z 


1 






1 25~250Hz 


2 






25 0~375Hz 


3 






375~563Hz 


4 






5 6 3~7 5 0 H z 


5 






750~938Hz 


6 




9 


3 8 ^ 1 1 2 5Hz 


7 


1 


1 


2 5~ 1 3 1 3 H z 


8 


1 


3 


1 3~1 5 6 3Hz 


9 


1 


5 


6 3~T 8 1 3 Hz 


1 0 


1 


8 


1 3~2063Hz 


1 1 


2 0 


6 3~2 3 1 3 H z 


1 2 


2 3 


1 3~2 5 6 3 H z 


1 3 


2 5 


6 3~2 8 1 3 H z 


1 4 


2 8 


1 3 — 3 0 6 3 H 2 


1 5 


3 0 


6 3— 337SHZ 


1 6 


3 3 


75~3S88Hz 


1 7 


3 6 


88~4000H2 



[0 0 4 3] ztih(Dm^mmmii-x. xrm^(Dm^'y:^7- 

[0044] m^l^Vr'^U 3 1 tt. ^ 2 7 U— 

40 Mt^m.n 1 [^xmts^iCh^ y-frame2j. k \f^m 
la5 4tc-rffl;^$tt-5Y [w, k] ti>^hy\^—M.U(0-R 

MS{l-efc?>RMS [k] , yi^—Ms%<Di(Qn^^J^^ 
T-*>5dBrei Ck] . P'U— Aferoti^iliWU^/l'^t 
T'fc-SMinRMS [k] . -7 U—J>.U(D^iz'RMSW. 
-efo-5MaxRMS [k] , 7 U"-A®COS;)cS NRM 
-CfeSMaxSNR [k] ^#aj1--5„ *fc, y-frame 

[004 5] 5fe-f , -blE t" y ^(Oi^m k f s/ ^^&(Om 
SO imcotNTlftWt-So 



-5- 



(6) 
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10 



[0 0 4 6] fc''^y^(D1^ta(;l:^b^V^T. 0ij;ttiia 3 (C^-t" 
J:9(-. A;'j*^{t-§*y-frame2j.kCO#:7U— A^fJ-Cl 
#3Sv^fc:•-^J^:^St:•-^^^ X [ml] tl^X^m^ti^ t:"— 
[ml] <hl^C^^^Brt-C2Sg^c:3Sv^t•-'>^^2!)St:•-^ 
X [m2] tl^Xmiti^iV^o ^J:^. mlS:t/m2fi. 

(DggBldStf-^ X [ml] Rrj\l^—^x [m2] Pp^OSE 
g| I ml -m2 I ^ LT#?5n5o r -/ 5^ p <;5»± 
b*^y^5i^ma x_Rxx (6) ^tC^-rj:^^-. 

(3) ^Jbm (5) ^t;iT*i^t>tL5e— ^ X [ml] 
<bt::'-^x [m2] i:0+SSffiSifltn r g 0. :^ x 

[ml] COSBffiBiffln r g iXtJ^fc"— x [m2] 
gSffiBlftn r g 2^cS■^v^T^#S:^i:;55-e^Sp 

[0 0 4 7] 

[IS2l 

nrgO= ix[mi'^Aqx[m2-hAt] - -(3) 



* [0 0 4 8] m^^x. ±m^m<Dwm^&^mm't^o 

[0 0 4 9] RMS [k] (1, i^frame2k O 

[0 0 5 0] 
[SC31 



FL-i 2 
7=0 



[ 0 0 5 1 ] H k :7 .6.f rame2k c?:^^^;^^^/^^ d B 
10 rei [k] (i, u— Afranie2k-i 

fooT. r<^d B^:^(3C>ffi*f:3i^yl-=¥d Brel [k] 

^J^f^^^c7) (8) ^{nizDffff^n. rco (8) 
[k] fi. ^tt-etbisfeco (9) s;s.t;5 (1 0) 

[0 0 5 2] 
[*4] 



2(? 



max Rxx- 



FL 



( ^decay [^] ^ 

£[*] J 



EM 

E[k-\^J.{y- frome2j.kf .-(9) 



(8) 



[0 0 5 3] ^fc. ±IE (10) ^(c::}ol/^T^i. J^S^ 
TpI iff^^^^^J^) ^O. 6 5#t Ufc^J*;^UTV> 

So 

[0 0 5 4] 3i;f;/U:^E [k] STJ^j^S^i 

^yU^rEdecay [k] (D^cW^m^. El 4 (C^-T. 

[0 0 5 5] ^fc. :i|k :7 u—i^frame2k £0^;k:RMS 
flMaxRMS [k] ii, ^izlif 5^^^ AOjt^^t 

oT. i^T<7) (11) ^tdX^ttS^^So (11)^ 
T% e\t.^^'^^ (decay constant) Xh^ . mk,\^ 
3. 2fpxmi^KMSmt^l/ BfinmBrT^^O^^ 
fiS> t-Jfeto-^ 0 = 0. 993769 tm^^^hi\.^o 

[0 0 5 6] 

[^5] 

MaxRMS Vc\ = tdsoXAOOO ,RM^k\ ,0 • ^taxRMSVc- 1] 

H-a-©)-^Af5[jtT) •■•ai^ 

[0 0 5 7] H k :7 ix— rame2k (^ift^iffi^ u-</ufiI 
M i nRMS [k] tl. y<iy^if=7^:y ^X, feS 



sfsr-fcoT. ^^.^.t^hmkc^m(omfji^^H^ (loca 

I minimum ) . -r^^t>'h (12) ^Srf^yt-rfSc^F^T-* 

[0 0 5 8] 
[^6] 

(RMS\jc^<0.e'MaxRMS\k1 
RMS[k'\<AMO A^C) 
40 RMSlklK ltMS\k + \'\ tf^^ 

RMS[k]< RMSlk-l] tf^^ 
RMS [it] < RMS [k - 2]) Xli 

iRMSlk'] < MinRMS ) — fl2) 

[0 0 5 9] rcOti:^$t^U'-</l/fliM i nRMS [k] 
fi. (Speech) m.i.cD^^m^S'. \^^t>^^^<'^y ^ 

50 ±#^#'5;/^Je)t-@^<Oji#U— h;6SffiV>^tLSo 



4 



(7) 



1^9 - 16 19 4 



II 

[0 0 6 0] rtlibtORMSfltRMS [k] . tt^JI^ 
U-^yUfttM i nRMS [k] S:U^ft:^cRM SfilM a x R 

MS [k] (DMc»m^. lll5(;i^i-o 
[ 0 0 6 1 1 ^ k 7 i^— rame2K (DMc± S NitM a x 
S NR [k] fl. Max RMS [k] tM i n RMS 

[k] t{zm-5\,^x. sxT(D (1 3) ^lizx^m^^ti 

[0 0 6 2] 
[^7] 



12 



1- 



[0 0 6 31 *fc> r(75:&:*:SNi:fc<B:Ma X SNR;0^b 

fk/^7 7^--^NR_level [k] t^^W-tti^tl^o -CONR 
.level [k] ICfi. KlT<Dmm^m\r^hti^o 

[0 0 6 4] 

[1^8] 



A/ax5Ar/?W-30 
20 



(l-0.002CW'a;c;SA«[jt]-30) ) 

30<A/flExSA«[Jt]<50 
0.0 MaxSNR[jc]> 50 

LO ±iEJ;i*i^ 



04) 



*iiti:£«N [w, k] tvmm^ti. ^my>(j^^)t- 

[0 0 6 6] 
[^9] 



[0 0 6 5] $i^^-<>:^ h/Uit^S|5 2 6il. RM 

S [k] . dBrei [k] , NR_level [k] . Mi n 
RMS [k] ^r/MaxSNR [k] {c:S<5V^T. 20 

(speech) ^^:i:$t^ (background noise) tJi^ t> ES'Ji" 

(JRMSikl < RMS 200) • - ^5) 

C: Z T NoiseRMSa^^ [A:] = 1 .05 + 0.45 • A«_ level [kl x 

[^] = inax(Afax5AK [it] - 4.0, 0,9 MaxSNR [it] ) 



[0 0 6 7] :i:iT*IEl6f:i. _b|S (15) ^l^c^dB^ 
7fk(D^^=^^^;\^^dBT^\ [k] i:. *;^SNitMax 
SNR [k] Si^WJcoBlfiScO lo-efc-S d Bthre 

Srel [k] b(OMc^m^7^\^X\i^^. 

[0 0 6 8] ^fc|ll7fi. ±|a (14) ^^^(DMa x S 
NR [k] coffi^i: LTt^NR.Ievel [k] Sr^LTV> 

[0 0 6 9] ^k:7U-A^5^*i^^. fc^iM^y-fX 

i^it^filN [w, k] fi. i^(7:»{t-^oA;^{t 

VjV<Dm^^Y [w, k] kC^oX, ^<D (1 

[0 0 7 0] 
[^10] 



adj [w. A:] = roin(odj\[ A] 



[w, *] = a . maxf Mw, k - 1], y[>v. A:]) 

•f- (1 - a) ^ iiiin(?v [w. ;k - 1], ytw, A] ) 



(16) 



a = exd —— 

*l0,5 -FS] 



[0 0 7 1] rrT% W^Viyu—J^t^'&P (speech) t 
l^X^m^fltim^. N [w, k] liN [w, k"l] 

[0 0 7 2] »C{C, a d j flft*^ 3 2 fl, RMS 
C k ] . M i n RM S [ k ] ^lU^M a x RM S [ k ] 
£^l^^"C. «Jg-t-^a d j 1 [k] . a d j 2 [ k ] 25: 
T>*a d j 3 [w, k] ^fflV^T. (17) «9 a d 

j [w, k] Sr^aU^ CEfS^T^NRffifh^SP3 6tC 

[0 0 7 3] 
[^11] 



-7- 



(8) ; \ «fIB¥9-16 194 

[oo74]rr.T\ (17) ^^<Da d j 1 [k] *fii:T'fc . skT(D (18) ^\cx^m^ti^o 
(i. :^T60S^S(c^oV^T. iSv^SNtt:t;i*5tt6f^Sti-r5 [0 0 7 5] 

fl MaxSNR[k]< 29 



14 

0 JiIHfel^ 



[0 0 7 6] ^/c. (17) ^^<Da d j 2 [k] 

^^^c^g;v^/-r Xu-<yuJ?>^^tcffiv>y^Xu^/i^tc:*i- /a [0 0 7 7] 
LT. ±IE>^-fyUi5'«ia(::J:5*t^«iJEi^-h*«ix.5 [^13] 
S!l*Sr*-r5flT*fef9. iJiLT<^) (19) S;(CT^^$n^ 

0 MinRMS[k]< 20 

MmRMSlk]- 20 



40 



1 60$ MinRMSlk] < IQOO 

^" 1000 
0-2 M/n«A£SW>1800 



20<Min/2A£S[it]<60 

-C19) 

1000 < Mi>iRAf5[Jt]<1800 



[0 0 7 8] :^fc. (17) ^^(Da d j 3 [w, k] 
#t-:^:^t'iy^5Sftma x_Rxx t ^ 

> 0.55 tf^^ RMSlk]> 0 8 ■ MinRMSik] 

+ 0.2AfaxRMS'M 



la 8 OB tc^-r J: 5 J-<£i«fiiJ"Cm^fii:S: «?r 5 ^ i: t (cftf 

[0079]rOadj3[w, k] <D^m(0'-&l^. 
(20) ^tc^-To 
[0 0 8 0] 
[^14] 



adj3[w,k]=i^ 



0.2 w<200fl2 

0 200<w<2375ffe 

0.059415(v.-2375) ^^2375ife 



4000 -3275 

0.2 w<2O0Hz 
0 w^2C0Hz 



[0 0 8 1] rcD (2 0) ^{C:^3V>T> a:^t':y^5S^ 
ma x_Rxx [t] ft. ^SSSm a x_ 

Rxx [0] xm^itl^xm^^X^^. *7t. A;^!^^ 
L^^/^irSt'ffl^^/J^^t^ittSfi. Mi nRMS [k] R 
T^MaxRMS [k] Srffl V>r»?>tt^ffiSrfflV>TtT*:> 

[0 0 8 2] *fc. CEfflSD^NRffithacgPS 6ft. ^ 



•f20) 

^ yi^ #-14 SrSiJ^a-r ^ N R fiS ^ * a^) T H n feff-»a5 7 f : 

[0 0 8 3] rrT% 0iJxf^±fENRfe-efo^NR 

[w, k] ft. Jt^TcO (2 1) ^-c:^^$tt'5o 
[0 0 8 4] 
mi 5] 



• , (9) \ 
15 ' ' 16 

A«[w,Jk] = a.O-CE[A'P- A«'[h',A'] " (21) 

adj[w, k] NR [w, k^i]- Sm 

<adj [w, kl<NR\w. k - 1]+ Bm 

NR[w.k-l}-^5NH<adJ\w.k] 

SuR =0.004 -(22) 



9-16194 



NR'[w.k]= 



[0 0 8 5] (21) ^(DNR' [w, k] ±12 a 
d j filff»a5 3 2;ii^bail^ti5 a d j [w, k] «r>^V^ 

X (2 2) s^cT5^^^t>e>^^5^tT*fo^o /a 

[0 0 8 6] Sfc. ±|5CEfiIRT^NR«ftS[$|5 3 6 
(2 1) ^T-fflV^^CE [k] 60^ffit>fToTl^ 

So r(7)CE [k] fi. ±iSA;^{t-^;^-<^ h/K7)^*i 

Y [w, k] ^{C^^th^^^^^^>^ \^-M.m^^tti 

(2 0) ^(DrnwitCTsk^fixr^^^^^mmtc^tb^m 
-a^. CE [k] m^\io. s^chSo ^7t. ±fe^ 20 

[k] ^^V^So 

[0 0 8 81 jfe-f. ±I5Y [w, k] 4'coa^^i-51^v 
-^^i^mxn^-^^. mK.itiE:^^hM. ;^^^^\^:k^^hJEt 

>- ://uPp1 0 ^ V ^ 5 M ^ ^-r S 1^- V :7"^^;d5#«-r S ® 0f 

Ck] <^ L-CJt^Tco^^^::fflv^e>^^5o 
[0 0 8 9] ^fctc, h->. irtj:ib-h±mY iw, k] i(? 

0 (RMSi>l250) 

spch _ prax [Jfe] = 



*/Ub' <hCOit t ' /b' (=tone [k]) ;^5;g|tU$ 
ixS. r<7)ftt' SWib'fi. l^TO (2 3) ^(rr 
««^ixS^MB8^ERR (f c, b, t) ;6S*/Hii:^ 
^SJ;5/c^fi£t^^t/fl£bT-feSo (2 3) ^(dioV^T. 
NBJi^^:^ K^^^L. Ymax [w, k] {i:/^>Kw{c 
ifoMtSY [w, k] co*±f[t^^L. f cf^i^^iS^iS^ 

c(C*5V^T. ffiilgffiJCOY [w, k] (DW^i^m^Uh tX. 

T. sfc. ii5*^fiaoY [w, k] (Dw^i^m,^mtt\.x 

[0 0 9 0] 
IWiX 6] 



nun 



+ 1^ [H'>*]-0 



(23) 



[0 0 9 1] ^hk^. iLMsmjBLxy^^^^^:^m^^-^ 

Ur^gfiiaS^^u-i^mspch^prox [k] &l 
T<D (2 4) S;{cS-:5v^T#&i^> tti;^$ttSo 

[0 0 9 2] 
[ISCl 7] 



.jpcA _ /?rca[^ — l] 



fZQ<7D) 



••(24) 



[0 0 9 3] -^LT. ±IS-ifn>5rn;j^», JilS^^iS^ S:{cS-5V^T#e5nSo 
:7 U-AS, ±IS h- VS.U5RMSfiitC«-:5VNr. #:7 [00 9 4] 

i^-j>,<DY iw, ^(D^=^f$.^(D^mr-nt>fh^, 40 [^i8] 

f)^. }£kT(D (2 5) 
\E (tone [A] > 0.6) fy^-o fCl. C2.&^X C3 X^^S ) 

(C41,C4.2,.-.,XttC4.7aHft) ...f25) 

Lmax{0 . C£ [A - 1] -0.05} JiE JU^ 



-cT^^-^^ffl,^^^ LTCE Ck] 



[0 0 9 5] ^•WxKv'l^Cl^ C2. C3. C 

4. 17!?MC4. 7f:i. JWTO^lcr^^^ttSo 
[0 0 9 6] 
[S2] 
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CI 


RMS[k>CDSO-MinRMS[k] 


C2 


ZC[k]>Z low 


C3 


spch_prox[kJ<T 


C4.1 


RMS[k]>CDS1 -RMSLk-lJ 


C4.2 


RMS[k]>CDS1 -RMSLk-Z] 


C4.3 


RMSLkJ>CDS I •RMoLk— oj 


C4.4 


ZC[k3>Z high 


C4.5 


tone[k]>CDS2 -toneCk-1 3 


C4.6 


tone[k]>CDS2 •tone[k'-2] 


C4.7 


tone[k]>CDS2 -toneCk-a] 



[0 0 9 7] _b|B*2tC4^V>T. CDSO. CDSl, 
CDS 2. T. 2 1 owRXfZ h i g hcO^Mfi. 

mm(omm^^^ir^'^mx-i,y) . 0ij^«CDSo = c 

DS1=CDS2 = 1. 41, T=20. Zlow=2 
0. Zh i g h = 7 5<0{tSr^5o (2 5) 

E(*. 0;d>^ 1 *T*OttSr^S fc<7>T% 0 (Ciffv^fiifii 

x«0. 7;dSfflVNe5tt^o 

[0 0 9 81 ^fc. ±IS^2(cJ:tLtf. fe^^u— Ate: 

VxK/i-C 2 Tb^^iLT^ r ^ fiJi|5:7 n ^ n 

;^^:i^0f;S<:7:>-ifc2>:^a;:^^Z 1 o w. 2^^:te0^JT'{i 2 0 

[0 0 9 9] Sfc. V^Jj^Vl-C4. l:if)^f^iL-r^:iti^ 
i^>'7}?/WC4. 2 75S^t:z:i-§r i:fi±IE:7U-A;d5 

4. 3;d5^3i-r5:^i:J:i±i5:7U-A;65^^^fi-^;^s^{b 
bT 2 y ix^-cfoo Tit-^ U'-</u;65^{t:'t-S :7 u-— 

AT'fe^r ^^^bTV^^, -^fc. i/^^7K/UC4. 4;5S 
^ji-t^wtfi. JbfS:7U— i^(c:^oV^T. ifu^^^n;^^ 
;05E?f:^(Oifn>7n;:^iJcZ h i gh. *IIJS0ijT'f^ 7 5 J: 
«^:fe#v^ri:Sr^brv^5o v'>'#/uC4. 5;6S 

^ :i <h \^±my A jo V h - >^m.t^^itir 
• i/>'/}^VuC4. 6/iiS^AZ:-r5w<J::{^±fa 
^ ^S^^t: bX 1 >^ A^T-feoT h 
rfcSr tSr:^b. i/VTjf/U 



(10) , #Mq£9-16l94 

[0 10 0] (2 5) ^(;iJ:ttJi. a 

Cl7bmC3<D0ki^^mti'r:it. tone [k] ;6S 
O. 6 X^^t\^^:^tRrj±7&<DC4. i;^3IC4. 7 

[0 10 1] ^tc. ^my^j\^^jt^nn^3 ati. m 

N [w, k] ts >^<>'h*i^mu4y)^hm:^^n^Y 
[w, k] t^y-(j\-^nj^^U'T—':/jvu3 4kcm 

[w, k] Cw, k] i(c:jS;b/cH [w, k] <om 
Srg|bfflb> roH Cw, k] ^llTimM%U7 \cmti 

Cw, k] ^c||■r5«^5*&^^^^Tv^^o 

[0 10 2] Hnmn\-W^7a. ^<l^h*^m^tlfcA:t3 
fS-^^^^ h/ucoSiHY Cw, k] i:> 7 X;;<.-<:J^ h 
/K0B#rp1^i^it:^MN Cw, k] ±fSNR Cw, 
k] t:^^^. ±^^y<'^h^^m^tifcA:bit^-y^-<^ h^^ 
cDlg*lY Cw, k] f)^h^^^^^i&mir^tii^<Dzfiy 
20 y^/i^i^xh^o rrr^fi. y Cw, k] ^^^n Cw, 

k] t^jSbtHn Cw, k] Z<Dy^jU^ 
jS^Hn Cw, k] t^^. Z(D¥Ln 

Cw, k] mn. SiT(D (2 6) a^cS<3v^T»m$i^ 

[0 10 3] 

mi 91 

fl>a[vi;,Jt]=exp{7S«[w,it].ln(/fM[5/A^=r^^ -(26) 
204ogio(/^w./:])=Mtw,it]X -(27) 

[0 10 4] ^tc. Jiia (2 6) S43(75filH Cw] CS 
/N=r] fi. SNit^fe^MrtCll^bfcttAiS?'^ 
y-rX^l]JE:7^/Ui5^4#14(cS7t»9. wCOffiii. Y Cw, 
k] /N Cw, k] ^OffiiCJJCbTx— y/Wt$tLT*3 

±fB:7^/l.>5^fllEEft^7^-y/uSl5 3 4(C*&a^$ttT 
V^^o ^c^jb\ ±f5H Cw] CS/N=r] f*. dBffi*iE 

T-iS^fi^ ^{Ci- 6 mx fo 5 c 

[0 10 5] ^hltC^ ±12 (2 6) (2 7) S:0<t 

^0 Cw, k] tm^mmi^c:^^ :i tr^Tsk^iTL^ m^<Dmm 
^mi o(DXo\c7fk'r:itt)^^x^^o 

[0 10 6] ^fc, y^/U^fUkm^SXl^. ±i5Hn 
Cw, k] m;&5jajg£^tt,;5-ffi]^^patt,:^fSJi:{cov^TR 

^bft-^Ht.smooth Cw, k] ^mti ^ti^o ±mmi&^ 

$ft;6-rfi]-^<7)r7^/u^«i^ft, Hn Cw, k] <Dmi&}-f 

mmx(Dm»{^:;:^y^/i^^<Dmm^^s-r^m^S:^ 
50 iiL. ±^mmm:^\^-^(Dy^/u^mm\:i:. m^^^^m'S- 
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(11) 



^mW-S-l 6 19 4 



19 

[0 10 7] 5fe-fs ±mm&m$ii:^\^^<oz7^/u^i^m 

<D (2 8) ^RIJ (2 9) ^tCT. :i t^^^ffi^^-To 
10 10 8] 
[IS2 01 

{BU. (w- 1) Xit (w+ 1) ifiW^Uf^K"^ 

HI [w, k] =Hn [w. k] " (28^ 

step2 : H2[w.k]= min{median(Hl[w- hk],Hi[w, A], 



{BU, (w-1) jLit. (w+i) /)^^SEU35:i> 
ift^, H2 [w, k] =H1 [w. k] 



(29) 



10 



20 



Hspc<^ [w, k\ = 0.7- >^2[*y. 03 • W\w. ifc - 1] 
««<5r[w.*3 = 0.7Af/n_«+03-Afa;c_ff -On 
(BU. Min_i/ = jnin(H2[w.jk],H2[w,A:-l]) 



* [ 0 1 0 9 ] (28) 1 (Stepi ) ^C:^oV^ 

HI [w, k] fi. fe^l/MiMVriLfciOco 
^^>KSr«l< UybHn [w. k] T-fo !9 . (2 9) ^CO 
^2SPg (Step2 ) (::*5V>-C. H2 [w. k] 

[w, k] T'fe^o w(Oj:^tCbT. ±iEHn [w, 
k] fi. H2 [w. k] t;i^^$tLSo 
[0 110] ±l5^ratt^^fn)-^0>^^/W^^aS(C 

^l£i-^^c:*5l/^-c. A;^«-^icJi. (speech) . ^< 
^y^i/^'^v Ky-<X. -tLTiP^ (speech) OS:i^_h 

So ^:^(?:>{t-i-Hspeech [w, k] (C^LTti. ^(O 

(3 0) ^}c;^-ri: 5 B^rp^WTconm-fk. &sv>{^ 

[0 111] 
[^21] 

(30) 



[0 112] m%m^(n\t^\z.n\^x\t. i^<d 

[0 1 1 3] Sfd. igffW4fe^<^«-^tc*fLrfi. rco 
[0 114] ^^±,(D>^J>.-i:^ly^mMtmt>thf:im^^ 

fflV^T. (3 2) ^tc±i9nm{bm;^?«^H 

t.smooth [w, k] Sr^l'So 
[0 115] 
[3S2 2] 



50 



tjsmooth 



[w.k] 



= (1 - aO iaup ■ *] + 6 - av)-^«*e C^'-*]} 

fl.O 5A«6u/>^0 
(SNRo^-iy^ 1.0 <SNR^r< 4.0 -(33) 



ao 



atr = 



Sn 



>3.5 



(5n«-2Vj 2.0<5/nw<33 —(34) 



FL-Ffll 

X (y-frame2J.ky 



50 



[0ii6]:i:i-e. (32) ^4^(Daspfi^(7:> (3 

3) ^;i>^C>. atrmf^<D (3 4) S;5^^^tV-etL3j^6?>e> 

[0 117] iggV^T. ^^>K^Sia5 9T*(i. :7-<>rU^^ 

t. smooth [w, k] 0iJx.*i*l 2 8>'<^^ K:9*cO{t-^H 
128 [w. k] t;::. ffiPplAastc J: 9 l£5i^Jfe$ti. 
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21 

^m$nfc{t-§-Hi2 8 [w, k] t^mtl^i^^o ^(n>^ 

y^^- K->-(Ot£3SJi-^n2>:7j^— /I. KJC J; •? . 6 4^-<:^ K/i^ 
e> 1 2 S^-'i' K'^OitSSKn— y?>^:7w'/u^^«©|ira*a 

[0 1181 h7^<*Eg151 0T-«, ffiiiS 

7-y ai^m^aSg? 3 -C#P>nfc7 l^— A^tft^y - f 
ramej.k WiSiS^- y iii^glAniStc-CWbnS F F 
T#^(D*SPi*a5i}C=&>!r±lEft^Hi28 Cw, k] 

1 0 1 1 9 1 m^^'^T&y— V ^m^mmu 1 1 t-j*. 
mmy-v^^mi«kmi!>mi:>i\^. FFTm-§- 

[0 12 01 JSfet-. 72/ r;bD»g|51 2 T*{±. # 

7 U — ASCD I F FTft-§-07 U— -t.^#fB5)-{COV>-C 

^tll;^«^ 1 4 J: "J ttS;^3 ^tt5<. 

[0 12 11 ^(Dmti^mTmn^mmm^^ 
[0 12 21 rcr% ±.mm^Wimm=^mn^\\:(DT 
^B^m 1 2 (c-tn^'tv^-To 

[01231 JzlE^f-^-fklSgtts HI 1 1 f-:^-r i 0 f-. 

A;'3iS^6 i*>P>A;^#^ft-§-/iSA;^)$ix. mm^Wim 
■§-:»-tff4fcl*L PC (linear pridiotive coding) ^>^lf 

as 6 2Si.v^wi^m6 4i,zmbix^. 

[01241 LP C^^U 6 2 {4. ±f2A;tl«^^ft-^co 
f^^^m^n^ ^ (O^PJ 7 ^-^^ 7 ^' /I' 6 

3{^tiJ;'7-r5.o ■&^!)c;:7^-/u^r 6 3(4. 2 o(75=2— K:?'-;/ 
i^cDl o-C*>-5@^=i— K>^S';5' 6 7;i»p5<D3— K!7 — 
KIC^»|§ 8 1 (Omn^mn-k.y'—S' 
=>— K':?'?/^ 6 8A>ibCO='— K!7— KlC^ff^S 2 0?IJ 

[0 12 51 -^fz. 4J4, ^mp^ti'^^m-^t 
f£;cfca;^Sri^{tr, m^'fkmme 6\ctiifj-r^o mm 

6 TROS^-^-f 5 .yi?^"— K^s/j^ 6 80 = — KT'yi? 



(12) , \ #||5p9_i6 194 

s, 

[0 12 61 ±MiM^\\Mm.1i^h\tlXm-&^—V'-:fy 
6 7(D=i— K17— KW'C Vr'y y-<-^-$ y^=i 
— K^y^' 6 8© = — K!7— Ki^iW^t's/^':^, 

[0 12 71 ^r-c, Jifsm^-fbSeti, mi 2(c^i- 
/o J; 5 K:/5':5' 7 i \-i.±mi^\\:m.m.t^h'-m 

bttSilBS^^- K>^5'j5' 6 7(D3— K!?— KW-fV 
xy^^t-S-^VT. y^f ^5 Ky5';^' 7 2{4 

yi7 7 \ ^^y.^n.^'i^Xvi^ ^—Yrf v^ 7 2 J: 9^ 
•Jtb-To ^fc, *I|l5S8 3. 8 4«. #*fJ^:-rs*iJ#f 

>-7='2/i^:^ic:S-:5v^Ti>)f^L, ^ /w^ 7 4 tt. ± 

-f^-U:? 7 5T-I4x V''*:>'*-5>';i-/w-^^' h5S^SrfTV\ \t 
vw-vv hSSP^S'^i $nfc^^ft-^;6Sffl;^«S^7 6 J; 9 ttS 
[0 12 81 Sfc, rr-c. «iJ^fm«±J;tJ^ff*bv^ 

[0129] itfoT. ±Ke(0<t 5 lci3f:^|q(©*^{t#(?5 

i^l^i£®:&fe-r-(4, ±i5-7-</u^«ia(;i/SCT. a d j 

Mtt»a5 3 2tC*3ttS a d j 3 [w, k] rotf^, 
;5SSPx.ibttSfc<!6, JilET/i'=ry XAco«la^cJ:-5.7;^- 
[0 1 3 01 rr-CI4. JilE3ii^te«y^fi?)^ 

fay j^^^m^vf=:}'^'pm^it^m.'icmti-r^m^m 

i a d j 3 [w, k] ^^;e-r-5:iiT% ^Jx. 
[0 13 11 CEttRtJ«NRffiH-lta5 3 6{i*3t> 

50 X. CEfaSrf 5'^«5:*:#${cjc£:c-rffSt*-fe*^x. 
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[0 13 2] Sfc. Hnfgft»^7t^i3V^T. Hn 
[w. k] SrA;'J$neNR [w, k] f;i*fLT. d B 

[0 13 3] *7t. m-g-^RF^tttS^S it;iTS:'ct'5'^ 

V>T>^V>5 (N+logN) tVNofciBtgHll^tClJ: 

0 0 0 [El(D«LST*JStf yba?>, Slg*nf3l(5C>i$SS:±ff r 

[0 13 4] Sfc. g|2<DAfc^LytJ: 5f-. 
— A>ft:*asgl5 2 2 <?:>>^ I/— A^k^ifil-ef^^ asf l 20 

1(D:7 u—M.it^M'ky ASF L;55 2 0 
Oi^v://i-. ^:7u— Afiio^tijcT^^'u— A(bf:i4 0 

^ 1 :7 A>fb^sa$ 2 2 i: m 2 :7 A>fk*n.^a$ l 

x^y\^—M.(Dmtii\Lm^mz\z.vx. ±mm2yu— 

i,3 2'^>^^/\-^tc^m^\c'r^-r:itx\ 

J^it^m^ 2 2 Rv^m 2 -y i/-i^{i:*Q;S95 1 mx^ iSS 

[0 13 5] %tL. ifSRMS [k] _tfSM i nR 
MS [k] JilBtone [w, k] _b|SZ C 
[w, k] ±ISRxx^^. Hi Stc^^J: m 

[0136] h!7 — ^7^c::^oV^T. Ji 

lERMS Ck] . _hfSM i nRMS [k] . ±IE t o n 
e [w, k] ^ ±fazc [w, k] . ±IBRxx<^^ffi;dS 
A;^jS60#S^(cA;^ $ 

[0 13 7] A;^Jico#iffl^(cA;^$ixfc^a(i. ff^Pel 

[0 13 8] Sfc. 't'Pplg-Cfi, ^tL-etLtc:a;^;5H+{t 



«fM¥9-16 194 

24 

[0 13 9] PBlil;i^ba5;^^ttSS^;ii^ 

[0 1 40] 7^<e:fc. ^^-YT^S 1. 5 2;6>bttl;^^nS 

H ntt^o^ttSSrfr 5 r i: 5 <t 5 (c/^^o 
[0141] 

±l5A;^^ti.5^^ft-^(OB^^o;^&^s«. 

[El 2] ±n^m'^^mmm(Dyi^-j>.it^mmc^\^^ 
y i^—M^itfu^imirmm-r^mxh^o 

y^miti^m^wtmir^mxh^o 

[E14] _h|Hi;«^{g:i^^fi(ci:Jott^^^^/^=¥E [k] R 

[HIS] ±IS*i^{g:^^ilg(^:fctt5RMSfil:RMS 
Ck] , «^$i^l--</Wa:M i nRMS [k] RX^M::k 
RMSfigMaxRMS [k] <DM:i^M^^irmXh^o 

m 6 ] ±^m=S'^mmm^c^^i- ^ a Bmm(D:^n^^- 

/L-=3fJdBrei [k] . ft:^SNitMa X SNR [k] . 
RXJ^m=B^mcomm(D 1 ^Xh^ dBthresrei [k] <^ 

[HIT] ±|5$i^{g:®S3ge(-^bMt5S:^SNltMa X S 
NR [k] tC^bT^S$tL5Bl^t LTC^NR.Ievel 
Ck] ^Tjk-t^yyXh^o 

ms] ±^m=^ummm(o a d j m^nm^ixn^ti 
5adj3 [w, k] tm^i»it<Dm^^7jk-r^yyx 

[12 10] _hfB^t^{g:i^§^ScOCEfit^^r/NRfiStf»aS 
tCT#6ttSNR [w, k] HnfiIth»SPJ;iT#P> 
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(14) 



6 19 4 



25 

(mil] ±i5$t#ffiMi^«otU;/3^fflv^5^jt urco 
[Hi 2] ^mn^-itmmi^xKin'^it^Mc^^m^- 



26 

1 n 2 7 u—M'cmmu 

2 1 y \^—Mtvm.u 

2 2 ^17 A-fk^asas 

3 1 lt-§-^#ttti-»a5 
3 2 a d j ffiff-S^SP 

3 6 CEffiXU^NRffiW-3S§|5 



1 rll. 
.s r~ 



|«7i>-iiiaB| 



111 



21 



a d J a p 



f lln.ltll 



H nlilhPS 



3 



33 



31 



1-9 



3 5 meimy^Mm^m 



34 



[@2] 

frame k-1 frawe k f f a ro 8 k+ 1 



frarae k-1 



1 60tr>^A; 



1 68ifv:;ju 



frame k 



1 



1 so^yfsif 



ane k-i-l 




05) 



4#SB^9- 16 19 4 



[135] 



im?] 



8.00 

7.00 

I 6. GO 

R 5.00 
M 

S 4. 00 

AC 3.00 

A/ 

2.00 
1. 00 
0.00 



Maxf?MS[kJ 




0.00 SO. OO lOO.OO 150. 00 200.00 250. 00 300. 00 350. 00 



^NRJevef 




30 32 34 38 36 40 42 44 48 48 50 

MaxSNR — ^ ^^^^ 



ims] 



adl3 



0. 00 



MaxSNRlk] 

dBthrearfiCk] 




0.00 50.00 100.00 150.00 200.00 250.00 300. 00 350.00 



[1^9] 




adJ3 




500 1000 1500 2000 2500 3000 3500 4000 

m iR m [Hz] 



1 0] 




NRCw. k] 
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(16) 



WMW-Q-l 6 19 4 




im 1 1 ] 



L P C 



a — 61 



63 



& £2 
J 



64 



i 65 



7-f A/^ 



^ ^ k66 



[mi 2] 




74 



76 



76 



[His] 

RMStk] HiaRNS[k]Toa8[k} ZC[k] Rxx 




(51) Int. CI. 6 Essuie-g- fpf^sas-s- F I mmm^mm 

G 1 0 L 9/10 3 0 1 G 1 0 L 9/10 3 0 1 C 

H0 3H 17/02 6 0 1 8842-5 J H0 3H 17/02 6 0 IH 

21/00 8842-5 J 21/00 
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